A B S T R A C T
Background. This study investigated the centre effect on the risk of peritonitis in peritoneal dialysis (PD) patients.
Methods. This was a retrospective cohort study based on data from the French Language Peritoneal Dialysis Registry. We analysed 5017 incident patients starting PD between January 2008 and December 2012 in 127 PD centres. The end of the observation period was 1 January 2014. The event of interest was the first peritonitis episode. The analysis was performed with a multilevel Cox model and a Fine and Gray model. Results. Among the 5017 patients, 3190 peritonitis episodes occurred in 1796 patients. There was significant heterogeneity between centres (variance of the random effect: 0.11). The variance of the centre effect was reduced by 9% after adjusting for patient characteristics and by 35% after adjusting on centre covariate. In the multivariate analysis with a multilevel Cox model, centre with a nurse specialized in PD or centre providing home visits before dialysis initiation decreased the centre effect on peritonitis. Patients treated in centres with a nurse specialized in PD or in centres providing home visits before dialysis initiation had a lower risk of peritonitis [cause-specific hazard ratio (cs-HR): 0.75 (95% confidence interval, CI, 0.67-0.83) and cs-HR: 0.87 (95% CI 0.76-0.97), respectively]. The data show that neither centre type nor centre volume influenced peritonitis risk. In the competing risk analysis, centre with a nurse specialized in PD and centre with home visits had a protective effect on peritonitis [sub-distribution HR (sd-HR): 0.77 (95% CI 0.70-0.85) and sd-HR: 0.85 (95% CI 0.77-0.94), respectively].
Conclusion. There is a significant centre effect on the risk of peritonitis that can be decreased by home visits before dialysis initiation and by the presence of a nurse specialized in PD.
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I N T R O D U C T I O N
Peritonitis remains a major concern for peritoneal dialysis (PD) patients and for the nephrologists involved in the care of patients treated by PD. Previous studies have shown that PD infection was associated with peritoneal membrane damage, technique failure and mortality [1] [2] [3] . Peritonitis episodes may also affect residual renal function [4] . Recent reports have demonstrated that patients receiving PD were extremely concerned about the risk of peritoneal infection [5] . Furthermore, it is known that peritonitis episodes have a negative effect on the patient's quality of life. The fear of peritonitis also influences the patient's point of view regarding PD when choosing a dialysis modality [6] .
There are individual factors such as patient age, diabetes and body mass index that are associated with a higher risk of peritonitis [7] [8] [9] . Although these factors are non-modifiable, there are individual factors that also improve peritonitis prevention, since it has been documented that assisted PD, in specific subgroups of patients, could decrease the risk of peritonitis [10, 11] . There are also guidelines and recommendations that have been established to reduce peritonitis incidence [12] . Nevertheless, efforts are needed to implement these recommendations at the centre level. A study from Australia and New Zealand, reported wide Nephrol Dial Transplant (2017) 32: 1018-1023 doi: 10.1093/ndt/gfx051 Advance Access publication 2 May 2017 variations between PD centres in adherence to best practices, which could lead to a centre effect on peritonitis occurrence [13] . A recent study reported the role of the centre effect on the likelihood of peritonitis [14] . Therefore, studies are clearly needed to identify centre-related factors that could explain the role of centre on the chance of peritonitis. The centre effect could be partially explained by the centre experience and/or by the centre practice and/or by the centre organization. Therefore, specific statistical methods must be used to evaluate the impact of centre characteristics, considering the difference between the patients treated in these centres. To our knowledge only one study has evaluated the impact of the centre effect on the peritonitis risk with appropriate statistical methods [14] . However, this study did not include information regarding the role of the centre organization per se on the centre effect. It is also important to evaluate whether there are centre characteristics that could decrease the centre effect.
This study was conducted to estimate whether the key points of the organization of the PD centre could explain the centre effect on the peritonitis risk using hierarchical modelling. The main objective was to identify protective factors at the centre level, which could be modified.
M A T E R I A L S A N D M E T H O D S

Study population
This was a retrospective study using data from the French Language Peritoneal Dialysis Registry (RDPLF). Patients older than 18 years who began PD in France between 1 January 2008 and 31 December 2012 were included in the study. The end of the observation period was 1 January 2014. Only patients incident on PD were included in the study. From the original data set, we excluded 13 centres that stopped collecting data regularly during the study period. In order to conduct a multilevel modelling, we excluded five centres having fewer than five patients starting PD during the study period. There were 5017 patients from 127 centres in the final data set.
Definition of variables
Individual characteristics (Level 1 covariates). The patient characteristics were extracted from the database of the RDPLF. The following covariates were extracted from the registry: gender, comorbidities, diabetes mellitus, underlying nephropathy, PD modality at dialysis initiation [automated PD (APD) or continuous ambulatory PD (CAPD)], assisted PD (family assistance, nurse assistance) and starting PD after transplantation failure. To assess patient comorbidities, we extracted the Charlson comorbidity score (CCS) from the database and calculated the modified CCI by subtracting the age sub-score.
Centre characteristics (Level 2 covariates). The centres were separated by category (academic centre, community centre, non-profit centre, private centre). Centre experience was estimated by the number of incident PD patients by centre and by year during the study period. The centre experience was dichotomized into two categories based on the results of previous study by our group. We obtained data concerning the centre organization and centre characteristics, using an additional questionnaire sent to each PD facility. The centres' information was collected by interviewing the head nurse of each PD centre. The covariates used to describe the centre organization included the following: at least one full-time nurse specialized in PD (which meant nurse with specific skills on PD, dedicated only to PD and not involved in other activity); at least one nephrologist specialized in PD in the centre (having specific skills on PD but not only involved in PD, which meant the physician referent for PD in the centre); and home visits by nurses from the PD centre before PD, at PD start and 3 and 6 months after PD initiation. The caregiver ratio was calculated by dividing the number of nurses specialized on PD by the number of incident PD patients by centre and by year.
Statistical analysis
The categorical covariates were expressed as frequencies and percentages, and the continuous covariates were expressed as the median with the first and third quartile.
The event of interest was the first peritonitis episode. Renal transplantation and death were censored. A Cox model with centre as random effect was used for the statistical analysis. To explore the association between each covariate and the event of interest, a bivariate analysis was performed with a Cox model to estimate cause-specific hazard ratio (cs-HR) with their 95% confidence interval (CI). For the hierarchical modelling, to improve the assessment of the centre effect, Level 1 covariates were entered in the multivariate analysis a priori. Conversely, for the centre characteristics, Level 2 covariates were selected when P < 0.20 in the bivariate analysis.
We used an empty Cox model (Model 0), with only centre as a random effect to detect heterogeneity between centres. The variance of the random effect was used to estimate the heterogeneity between centres. Thereafter, individual covariates (Level 1) were included in the Cox model (Model 1) to investigate whether centre heterogeneity was explained by the patient composition of the centre. Subsequently, centre covariates were included in the model (Model 2) to investigate whether the centre effect was influenced by centre characteristics. Model 1 was compared with Model 2 by analysis of variance (ANOVA). To estimate the contribution of the covariates introduced in each model, proportional change in variance (PCV) was calculated.
The random effect coefficient is Gaussian distribution with mean set to zero. Zero is the reference class (the exponential function of the mean is equal to 1). Therefore, the excess risk can be estimated with the exponential of the standard deviation (SD) of the random effect that is a cs-HR with the mean of the random effect as reference class. To express the uncertainty of the estimator, the 95% CI of the cs-HR was estimated by a bootstrapping procedure.
A competing risk analysis (Fine and Gray model), which accounts for the risk of death and renal transplantation before peritonitis, was used to estimate the impact of the centre characteristics on the PD population.
All statistical analyses were performed with R 3.1.2. (R Foundation for Statistical Computing) including the coxme package.
The RDPLF has the approval of the French national ethics committee 'Commission Nationale de l'Informatique et des Libertés'. This study was conducted within the framework of this authorization.
Missing data
The rate of missing data was <15% for each covariate of the data set; a multiple imputation by chained equation was performed for all missing data.
R E S U L T S
Patient characteristics
Of the 5017 patients, 1796 subjects had at least one peritonitis event. Peritonitis incidence was 2.80 (95% CI 2.70-2.90) per 100 patient-months on PD. During the study period, 1385 patients were transferred to haemodialysis. Furthermore, 953 patients received transplantation and there were 1690 deaths. The median age at dialysis initiation was 70 years [interquartile range (IQR) ¼ 55-80] and the median modified CCI was 3 (IQR) ¼ 2-5]. The sex ratio (male/female) was 2986/2031, and there were 1614 diabetic patients (32%). Of the 5017 patients, 2570 were on assisted PD (family assisted, 443; nurse assisted, 2127). The patient characteristics are presented in Table 1 .
Centre characteristics
Among the 127 centres, there were 69 (56%) community hospital centres, 20 (16%) non-profit centres, 19 (16%) private
88%) centres. Among those 112 centres, 87 (68%) provided a home visit before PD start, 107 (84%) at PD initiation, 14 (11%) 3 months after PD initiation and 22 (17%) 6 months after PD initiation. There were nurses dedicated only to PD (which were the so-called nurse specialized in PD) in 31 (24%) centres.
Bivariate analysis
There was no significant relationship between centre experience, centre category and the risk of Tables 2 and 3 .
Multivariate analysis
Hierarchical modelling. The SD of the random effect was 0.33 in Model 0. This result indicates that before any adjustment, the patients treated in centres with a random effect greater than 1 SD above the mean had a relative risk of peritonitis (with the mean as reference class) higher than 1.39 (the exponential function of 0.33). There were 14 centres with a risk of peritonitis 1 SD above the mean. The variance of the random effect decreased by 9% after adjusting for patient characteristics and by 35% after adjusting for patient and centre characteristics. These results corresponded to a relative risk of 1.29 (estimation based on 1 SD), which is lower than the relative risk observed before the adjustment for the centre characteristics.
At the centre level, home visits before PD initiation was associated with a lower risk of peritonitis. However, home visits at PD start had no protective effect. There was also a protective effect of a nurse specialized on PD [cs-HR: 0.75 (95% CI 0.67-0.83)]. Patients treated in-centre by a nephrologist specialized on PD had a similar risk of peritonitis to their counterparts [cs-HR: 0.91 (95% CI 0.80-1.00)]. There were no significant interactions between home visits before dialysis initiation and home visits at the start of dialysis. There were also no interactions between nurses specialized on PD and nephrologists specialized on PD. The results of the multilevel analysis are presented in Table 4 .
Fine and Gray modelling. In the multivariate analysis considering the competing risk of death and renal transplantation with a Fine and Gray regression model (data not shown), patients treated in a centre with a nurse specialized on PD, or in a centre with nurse visits before dialysis start had a lower risk of peritonitis [cs-HR: 0.77 (95% CI 0.70-0.85) and sd-HR: 0.85 (95% CI 0.77-0.94), respectively]. The patients treated in a centre with a nephrologist specialized on PD had a similar risk of peritoneal infection to the other patients [sd-HR: 0.98 (95% CI 0.88-1.08)]. The non-adjusted cumulative incidence function of peritonitis is presented in Figures 1 and 2 . The results of our study are consistent with the findings of a recent investigation conducted in Australia regarding the centre effect on peritonitis risk [14] . In this study, the heterogeneity between centres decreased by 16% when patient characteristics were entered in the multivariate analysis. The heterogeneity decreased by 34% when centres covariates were also included. Studies focused on how centres' effect alter the outcome on PD are clearly needed because factors that could explain the centre effect are potentially modifiable [15, 16] . Most of the studies on the centre effect have investigated the relationship between centre volume and technique survival or mortality [17] . To our knowledge only one report assessed the association between centre characteristics and peritonitis [14] . However, in this study there were unexpected and unclear association between centres' characteristics and peritonitis risks. Furthermore, covariates at the centre level associated with an increased risk of peritonitis were not changeable. It is also important to note that the beneficial effect of preventive measures against peritonitis in PD could be masked by the centre effect [18] . Studies with a hierarchical approach allow for the estimation of the magnitude of the centre effect to identify the measures that should be prioritized at the centre level [19] . Furthermore, the allocation of resources to a PD centre and utilization of these resources in the facility must be based on how they affect patient outcome. In our study, patients treated in a centre with a nurse specialized in PD had a lower risk of peritonitis regardless of the centre size. However, a centre with a nephrologist specialized on PD was marginally associated with peritonitis risk. It is intuitively accepted that patient training is associated with the risk of peritonitis. Thus, differences in training practice between centres could influence the risk of peritonitis [20] . An international survey in PD nurses highlighted the wide variation between centres in PD training programmes [21] . In addition, it has been demonstrated that nurse experience has an impact on the likelihood of peritonitis [22] . Nurses specialized in PD may have greater teaching skills than nurses involved in other activities. The study of Figueiredo et al. [20] reported that low training time was associated with a higher risk of peritonitis. Therefore, one may also argue that nurses not fully dedicated to PD and involved in other activities may have less time devoted to patient education and/or are exposed to a higher risk of job interruption when they are performing patient education. It can be hypothesized that nurses specialized in PD are more prone to update their knowledge regarding PD and to use the existing recommendations when teaching the principles of PD [23] . Spreading and utilizing best practices at the centre level is also a matter of concern. In Australia and New Zealand, it has been shown that there were large differences in the peritonitis rate between centres and unexplained wide variation in the adherence to existing recommendations [13] . Although sustained efforts are still necessary to reduce peritoneal infection, in these countries, quality improvement programmes at the PD unit level have led to a dramatic improvement of the peritonitis rate over one decade [24] . Nevertheless, we believe that providing sufficient resources at the centre level that allows dedicated specialized nurses to deliver patient care is required to improve the outcomes of the patients on PD. In our study, both home visits before starting PD and at PD initiation by nurses from the PD unit were associated with a lower risk of peritonitis in the bivariate analysis. However, the multivariate analysis revealed that only nurse visits before starting PD were associated with a lower likelihood of peritonitis. The beneficial effect of home visits on the peritonitis risk has already been reported by Verger et al. [25] in a study examining assisted APD in France. A home visit before PD initiation is recommended in paediatric PD patients [26] . In this specific population, there was a trend towards a protective effect of home visits [27] . The home visits could help PD patients to start the treatment correctly at home. Conversely, home visits could also reflect a selection process of patients suitable for PD by the PD unit, especially in centres where home visits are done before the start of PD.
Our study has several limitations as residual confounders, such as body mass index, residual renal function, detailed information about PD prescription and centre practice, are not captured in the registry.
This study confirms the importance of the centre effect on peritonitis risk. Our study also emphasizes the role of nurse specialization and activities in the outcome of patients on PD. In our opinion, health authorities must consider the importance of PD nurses when choosing how to distribute funding.
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